In the modern fuel mix, the leading positions are occupied by hard coal and crude oil, both accounting for around 35% of annual mined energy content (Andruleit et al., 2012) . With a 2% share, lignite does not compete with the former two in the global perspective. However, easy accessibility and low production costs ensure its important role in the energy policies of particular countries worldwide. Utilization of this energy carrier is limited, though, due to the water content often exceeding 50% of raw mass. High moisture content negatively affects calorific value and precludes transportation and storage. So, lignite is less advantageous than hard coal in terms of utilization in the power generation industry. On the other hand, the usage of lignite is also considered for a wide range of applications, including coking or briquetting, and considerable volatile matter content makes it a prospective fuel for gasification purposes. Thus, the efforts made to upgrade its quality seem justified.
[DOI: 10.1299/mej.16-00365]
Experimental method 2.1 Sample preparation
The lignite samples used in the experimental procedure were cut out by knife from a randomly chosen lignite block as a coarse particle and smoothed in order to obtain the required size. Accurate preparation was achieved by rolling the lignite on a metal plate with precisely punctured round holes in an electric discharged machining process. The effect of polishing the particle at several successive holes of decreasing size was a lignite sphere of 30 ± 0.05 mm in diameter and approximately 17-17.5 g of weight. A hydrophobic polyester thread passed through the sample was used to hang the sample in the test chamber, to avoid the water absorption which would disturb the measurement of the weight. (Allardice, 1993) . The drying of solid granular objects in superheated steam, which belongs to the first group, was proposed in the middle of twentieth century as an alternative for hot air drying (Wenzel and White, 1951) . Further studies introduced the concept of the inversion point as a temperature, over which drying in superheated steam becomes more efficient than in air (Yoshida and Hyodo, 1970) . As the research developed, a superheated steam fluidized bed dryer (SSFBD) was proposed and introduced into practice for lignite (Potter et al., 1984; Hoehne et al., 2009 ). Such a system, working in self-heat recuperation configuration, allows for reducing heat losses by recovering both sensible heat and latent heat of water vaporization (Fushimi et al., 2010) . In this application, the steam produced from the moisture in a batch of lignite is recirculated to dry another quantity of fuel. Hence, the heat of the phase transition accumulated in hot steam is recovered, what limits the energy input compared with flue gas water removal solutions. Another significant advantage of superheated steam is the absence of an oxidizing atmosphere, which benefits maintenance of the appliances and prevents lignite from spontaneous combustion. Detailed investigation of prospective fuel, including a numerical model of drying is required to implement a superheated steam drying (SSD) system to a power generation unit. Numerous applications of SSD in food industry include a model of fixed bed dryer of brewers' spent grain operating on superheated steam (Tang et al., 2004) . Finite difference method was applied to predict changes in moisture content and center temperature in the slice of pork dried using the same medium (Sa-Adchom et al., 2011) . Power engineering has also utilized SSD models, e.g. for combined heat and power operating on corn ethanol (Morey et al., 2014) and self-heat recuperative fluidized bed dryer of biomass, which allowed for 95% reduction in energy consumption compared to conventional systems (Liu et al., 2015) . Coal, as a granular object, was also examined in terms of superheated steam drying (Chen et al., 2000) . Another research on this fuel, for a single particle SSD model of Loy Yang lignite, has been done using identical experimental methodology as in the present work (Kiriyama et al., 2013) .
The aim of this study is to reveal the kinetics of superheated steam drying of Polish lignite from the Belchatow deposit and verify the numerical model of SSD. The properties of lignite used in the present examination, gathered in Tables 1 and 2, represent average annual values for coal excavated in 2013 on-site. Spherical samples of 30 mm in diameter were dried in superheated steam under atmospheric pressure in temperatures ranging between 110 and 170 o C.
The work provides complementary information to the previous research on 5 and 10 mm objects prepared from the same coal and expands it in terms of larger samples specificity. It is worth noting that with respect to a non-uniform lignite structure, objects of larger volume are more representative for assessing its general characteristics, what legitimate the significance of the present study. Zakrzewski, Komatsu, Sciazko, Akiyama, Hashimoto, Shikazono, Kaneko, Kimijima, Szmyd and Kobayashi, Mechanical Engineering Journal, Vol.3, No.5 (2016) [DOI: 10.1299/mej.16-00365]
Apparatus
The sample was placed inside a cylindrically-shaped test section of 133 mm diameter and 152 mm height, as seen in Fig. 2 . In order to maintain the required temperature in the entire volume of the test section, it was thermally insulated and surrounded by 3 heaters: on the bottom, around the side wall and on the lid covering the cylinder.
Pure water for superheated steam generation was pumped from the water tank, degassed and driven into the evaporator where it was turned into steam. Then, its temperature was increased to reach the necessary level in the current test and supplied to the top of the test section, where it was dispersed on a baffle plate to completely fill the test section. Superheated steam was subsequently removed from the bottom part of the test section by a fan. A small auxiliary fan installed next to the top cover removed a minor portion of steam (3-5% of total amount), ensuring atmospheric pressure and laminar flow inside.
Continuous monitoring of weight was provided by an electronic balance with a metal suspension wire on which the thread with the lignite particle had been hung. Data acquired from the experiment also included temperature measurements. The thermocouples mentioned in Section 2.1. were linked to the data logger device via a connection terminal. The thermography camera equipped with infra-red bolometers detecting wavelengths from 8 to 12 μm was used for surface temperature examination. The thermography calibration was based on the assumption of constant sample emissivity, constant temperature of the test section and the sample characteristic temperature points in the drying process, namely initial water evaporation at 100 o C and test temperature in the final stage of the process.
A video camera was set up perpendicularly to the thermography optical path so that continuous recording of sample images during the drying process could be carried out. The test cylinder was separated from the camera by a transparent glass window, heated in order to avoid steam condensation.
Procedure
The temperature of the superheated steam for tests in the present examination ranged from 110 to 170 o C. It was assumed that below 180 o C volatilization and decomposition of carbon functional groups do not occur (Umar et al., 2005) . Therefore, any changes of weight during drying should be assigned only to evaporation of water from the coal.
The water used for steam generation was supplied at a rate of 8 cm 3 min -1 . This value corresponds to 0.02 m s -1 of average velocity of superheated steam entering the test section. The Reynolds number in such conditions was 3
In the object prepared in the manner described, two holes were made with a 0.3 mm drill: 15 mm and 7.5 mm in depth, respectively. Inside each drilling a K-type thermocouple was placed to allow for temperature measurement in the central point (referred to as "center") as well as the halfway point between the surface and the center of the sample ("midpoint"). Following the installation of the thermocouples, an adhesive ceramic agent was put near the orifice of both drillings to ensure a stable position for the wires inside the sample. The polyester thread, passed through the interior and fixed by the knot on the bottom side, suspended the sample. The result of the preparation is visible in Fig.1 . Zakrzewski, Komatsu, Sciazko, Akiyama, Hashimoto, Shikazono, Kaneko, Kimijima, Szmyd and Kobayashi, Mechanical Engineering Journal, Vol.3, No.5 (2016) [DOI: 10.1299/mej. calculated at around 20, which allowed for accurate weight measurements in a laminar flow. Throughout the drying process, measurements of the sample weight and temperature profile were conducted continuously and simultaneously at intervals of 1 s. The drying was judged to have been completed when the change in weight did not exceed 0.5 mg per minute, corresponding to around 0.01% of the dried sample weight. The amount of water remaining after superheated steam drying is related to the equilibrium moisture content, which is attained a sufficiently long time under specific process conditions, such as a drying medium, pressure and temperature (Molnar, 2006) . Therefore, in order to remove any residual moisture contained in the lignite, the fluid flow in the test section was then switched to nitrogen. After the completion of the nitrogen drying, the weight of the sample was considered as the weight of dry coal in lignite, m c , while the difference in weight after steam and nitrogen drying was defined as the residual water. On this basis, the weight of water in lignite, m w , was calculated by subtracting the weight of the coal from the initial weight of the sample, m ini . The measurements were conducted three times for each test temperature. The description of two terms used in this paper needs to be given. The moisture content X is denoted as the ratio of the water weight m w [kg] to the weight of the dried coal m c [kg]:
In the meantime, the ratio of the weight of the water to the initial weight of the sample is defined as the water percentage WP mass%: 
4
where m ini stands for the initial weight of the sample [kg] and m w,ini describes the initial weight of the water [kg]. The detailed specification of the experiment may be found in the previous work .
Model of superheated steam drying 3.1. Physical model
The model utilized in the present study was prepared with regard to the work published on Australian Loy Yang coal (Kiriyama et al., 2013) . The sample used in the examination was assumed a perfect sphere with isotropic properties, therefore one-dimensional model could be applied. Figure 3 presents the model as a sphere divided into N+1 layers, of which first and last were half as thick as the others. First, (N/2+1) th and last layer, represented surface, mid-point and center of the coal particle, respectively. In the present study, segmentation of computational regime was divided into 51. The distribution of weight and temperature was assumed to be uniform within each layer.
Three phases: dry coal, free water (evaporating at 100 o C) and bound water (evaporating above 100 o C), were assumed to form the model. The material properties of the model reflected average parameters of particles subject to experimental study for the entire range of sample sizes (5, 10 and 30 mm). Water percentage equaled 51.25%, what refers to moisture content of 1.05. Density of raw samples calculated using initial weight was 1205 kg m -3 , corresponding to the value of 1536 kg m -3 for dry coal. Regarding water (1000 kg m -3 ) and dry coal densities, the volumetric fractions of water and coal in the beginning of simulation were derived at 61.76% and 38.24%, respectively. Zakrzewski, Komatsu, Sciazko, Akiyama, Hashimoto, Shikazono, Kaneko, Kimijima, Szmyd and Kobayashi, Mechanical Engineering Journal, Vol.3, No.5 (2016) [DOI: 10.1299/mej.16-00365]
Numerical model 3.2.1. General assumptions
      t T T r b r b r Q i n i n i n i n i n i n i n i n i n i n        1 1 - 1 - 1 - out , 1 4    (3)
Condensation
The first part of drying is characterized with object temperature remaining below 100 o C, so the condensation of water on the surface is assumed to cover entire heat driven to the particle.
Evaporation of water from the surface
After the surface temperature reaches 100 o C, heat input is utilized for evaporation of water from the surface and until complete removal of this type of moisture expressed by the following formula:
The removal of water from the surface in this stage is realized proportionally to the difference between heat inputted to the surface (Eq. (6)) and its part transferred to the deeper layer (Eq. (3)).
Free water evaporation
Completion of water removal from the surface does not alter the way of heat input, as the free water kept below the surface is thought to evaporate also at 100 o C. Heat consumption is covered only by free water evaporation at that time.
The latter process is accompanied with free water transfer between the adjacent layers. A function of moisture content was proposed in the formula below in order to describe the transfer mechanism.
The computations performed in the simulation relied on the explicit method with the time step of 0.001 s. No heat output was assumed from the central layer and the initial temperature was assumed at 40 o C.
Observations made in the previous work of the authors implied the structural division of numerical model. Different mechanisms of heat and mass transfer between superheated steam and a dried object are assigned to consecutive stages of the process. In this part, some insight in these mechanisms will be given.
Heat transfer within the sample was performed by means of conduction during entire process. Therefore, heat input to layer n can be expressed as in Eq. (3): At that time, heat is thought to be consumed on raising the coal and water temperatures only.
Heat transfer coefficient was experimentally obtained using total mass of water evaporated in the constant drying rate period (Eq. (7)) and linearized as a function of the sample radius (Kiriyama et al., 2014) . Zakrzewski, Komatsu, Sciazko, Akiyama, Hashimoto, Shikazono, Kaneko, Kimijima, Szmyd and Kobayashi, Mechanical Engineering Journal, Vol.3, No.5 (2016) [DOI: 10.1299/mej.16-00365]
Bound water evaporation
Bound water, oppositely to free water, remains firmly in the coal interior and turns to steam when the coal temperature exceeds saturation temperature. For that reason, the rise of temperature in particular layer signalizes complete removal of free water in that layer. The heat transfer to the sphere of surface temperature above 100 o C is:
The consumption of heat during bound water removal is covered by the evaporation itself and growth of coal temperature, as the Eq. (11) presents. Over 100 o C, latent heat of water evaporation and equilibrium moisture content specific for threshold of free water, are temperature-dependent. Due to that fact, complexity of this stage of simulation is higher than that of free water evaporation period.
The observation of sample appearance indicated considerable shrinkage phenomena below moisture content of 0.6. Hence, the shrinkage equation, dependent on the moisture content, was implemented to modify the particle size during simulation. Owing to the fact, adequate quantitative description of the heat transfer in the drying process was possible.
Results and discussion 4.1. Actual and modelled lignite behavior in superheated steam
The samples made from Belchatow lignite were dried under atmospheric pressure in superheated steam at temperatures of 110, 130, 150 and 170 o C. The changes in the moisture content, the drying rate (which is a time derivative of moisture content) and the temperatures profile, obtained both by the experiment and the simulation, are
The discrepancy between growth rates of the temperatures in Fig. 4D , might result from inaccuracy of empirically obtained model parameters, e.g. h or D, close to the saturation temperature, what needs analysis in the further studies.
The drying rate shown in Fig. 4 was calculated shown in Fig. 4 . The experimental results in this section were taken from the previous work . Zakrzewski, Komatsu, Sciazko, Akiyama, Hashimoto, Shikazono, Kaneko, Kimijima, Szmyd and Kobayashi, Mechanical Engineering Journal, Vol.3, No.5 (2016) [DOI: 10.1299/mej.16-00365] midpoint measurements, however the last one was not included in the results. During some tests, especially at higher temperatures, cracking of the sample surface occurred, influencing the temperature profile. The damage to the structure primarily concerned the midpoint thermocouple due to its location closer to the surface. Therefore, when the crack appeared near the axis of the thermocouple, its tip was likely to move from the proper position, making the measurement unreliable. Although every attempt at superheated steam drying was followed by drying in a nitrogen atmosphere, it was not presented in the results, as it was not the scope of the present study. When the test was started, the increase in weight was observed, due to the condensation of superheated steam on the relatively cold surface of the lignite particle. The weight rose until the surface temperature reached the level of 100 o C, which is steam saturation temperature at atmospheric pressure. Subsequently, the decline in weight began, indicating the start of the drying process. Figure 5 depicts the change of weight in the initial stage of drying for the entire temperature range. Water formed a layer which gradually became too heavy to be held at the surface and fell down. The process was repeated even below the initial weight of the sample. The condensation of water finished when the weight of the sample decreased below the initial weight, averaging 0.343, 0.274, 0.228 and 0.256 g for 110, 130, 150 and 170 o C, respectively. These values correspond to 2.01%, 1.60%, 1.32% and 1.49% of the weight at the beginning of the test. It suggests that both condensation and exudation of water from the lignite interior contributed to the formation of the surface layer. It also seems that droplets fell, because the sum of condensation and diffusion rates exceeded the drying rate in the initial period. Similar behavior was observed in the examination of lignite from the Loy Yang deposit in Australia (Kiriyama et al., 2013) . The correlation between the size of the particle and the weight of the droplet was also described on the basis of the examination conducted for lignite of the same origin (Kiriyama et al., 2014) .
While the weight kept decreasing, the internal temperature reached 100 o C and stabilized together with the surface temperature for a certain time. A specific kind of moisture, so-called "free water", was evaporating mainly in this period. Lignite contains a significant quantity of moisture. It can be separated into "free water" and "bound water". It is relatively easy to evaporate the first one, while removing the latter, stored in the pores of the internal lignite structure, poses greater difficulties. Evaporation of the free water took place at the surface of the sample, or in its vicinity. The presence of moisture on the surface during this period resulted from the free water transfer from the core of the sample to the upper layers due to the vapor pressure gradient. The transfer of water to the surface was followed by its evaporation. During the latter process, the surface temperature as well as the heat flux between superheated steam and the surface of the sample did not change, because the heat transfer coefficient remained at a constant level. The only factor limiting the speed of drying at this stage was heat transfer from the ambient to the wet surface (Wenzel and White, 1951) . Therefore, when the surface temperature was maintained at 100 o C, the drying rate remained stable as well. The period of dewatering described above is usually named "constant drying rate period (CDRP)" and is inseparably connected with vaporization of the free water contained in the lignite sample.
Subsequently, the surface temperature, followed by the inside temperature, gradually increased to reach the test temperature. At this point, part of the free water had already been evaporated and mainly bound water, encapsulated tightly inside the particle, remained. Due to the specificity of the bound water, a larger amount of heat needed to be transferred to the lignite sample in order to evaporate it. As the drying process became less effective, only part of the Fig. 5 Weight of sample in the initial period of drying. Fig. 6 Drying rates for the entire temperature range.
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heat consumed by the lignite was utilized to evaporate the moisture, while the rest contributed to an increase in temperature. This stage, referred to as "decreasing drying rate period (DDRP)", features a gradual decline of weight eventually leading to stabilization, which is reflected in the lowered drying rate. The DDRP is the most crucial stage of the drying process, since drawing the bound water out of the sample is a major difficulty. The major attribute of the simulation compared to the actual measurements was lower initial moisture content, as the initial conditions of the model were assumed to represent average properties for the entire set of experiments, including previously examined objects of 10 and 5 mm in diameter. This fact is reflected by the temperature profile, which started to exceed 100 o C and reached the steam temperature sooner in simulation than in experiment (see Fig. 4 ). This is grounded by the lower heat consumption expected for heating and especially evaporation of water. Another distinction might be pointed out for the temperature differences between the surface and center of the sample. The maximal value of this parameter reported since the sample achieved 100 o C was 1.6, 11.0, 26.0 and 39.0 for tests performed at 110, 130, 150 and 170 o C. The values predicted from the simulation were significantly higher: 4.8, 19.4, 34.1 and 49.3 o C for the corresponding set of conditions. Above-mentioned facts imply the necessity of further optimization of process parameters, e.g. thermal conductivity or apparent transfer coefficient of free water. Figure 6 depicts changes in the drying rate against a decreasing moisture content of the sample for the entire temperature range. The influence of the higher temperature on the heat transfer and consequently the speed of drying was very evident. On the other hand, the borderline between constant and decreasing drying rate periods is more fluid for lower test temperatures. The charts drawn basing on the test results were smooth, with occasional irregularities. Meanwhile, the simulated curves exhibited the numerical origin by step-like shape of the highest drying rate area.
The measurements were repeated at least three times for each test temperature to confirm repeatability of lignite behavior in different drying conditions. Although the outcomes of the examination in the same conditions seem to be coherent, individual test circumstances, such as initial moisture content, falling droplets or occurrence of cracking and shrinkage, affected the results. In particular, the impact of shrinkage and cracking needs to be evaluated in order to reveal the heat transfer mechanism in the later part of drying procedure.
Anticipation of temperature dependence on drying performance
In parallel to the model introduced in Section 3, an attempt was made to describe the stage of drying when the drying rate remained at a stable level by means of thermodynamic deliberation. The most dominant factor for features of this period was the difference between the temperature of the superheated steam, T a , and the temperature of the sample surface, T s , which was taken to remain at 100 o C. The assumptions of the constant drying rate and negligible effect of shrinkage on the particle area allow evaluation of the coefficient of heat transfer between the sample and the ambience. Particular values for different objects and test conditions were calculated using Eq. (7) and placed in Table 3 .
The heat transfer in the constant drying rate period was presumed to be realized by means of convection and radiation. On the basis of the thermodynamic approach, the approximated formula for the heat transfer coefficient was derived in the previous study as a function of test temperature and the reciprocal of the sample diameter. It is presented in Eq. (12): Zakrzewski, Komatsu, Sciazko, Akiyama, Hashimoto, Shikazono, Kaneko, Kimijima, Szmyd and Kobayashi, Mechanical Engineering Journal, Vol.3, No.5 (2016) [DOI: 10.1299/mej.16-00365]
The thermodynamically obtained heat transfer coefficient served for prediction of the drying rate in the temperature range of 110 -170 o C. Transforming Eq. (7) it was shown that the drying rate depends on the test temperature, sample diameter and the properties of lignite, expressed by Eq. (13). Figure 7 depicts the curves obtained using formerly proposed thermodynamic approach, related to the numerical simulation and the empirical values in the CDRP.
The duration of the superheated steam drying process was measured for each experiment. The following average times were needed to complete the process in 110, 130, 150 and 170 o C: 1023, 391, 263, 198 minutes. The correlation between the drying time, test temperature and reciprocal of diameter given in the previous work is shown in Eq. (14) 
Approximation curve described by Eq. (14) is shown together with smaller diameter correlations in Fig. 8 . Values obtained in numerical simulation were also included. The deviation of results for the largest object is considered to be related to the high significance of cracking which influences the heat transfer, thereby affecting the drying time.
Individual properties of examined objects
The water content in lignite was an individual property of each particle and no temperature dependency was noted. Taking into account all experimental attempts performed on 30 mm objects, including those omitted in the present study, the mean value of initial water percentage equaled 52.86%, while laboratory analysis resulted in 51.6%. On the other hand, a decline in the amount of moisture after the test was correlated with an increase in test temperature. For experiments conducted at 110, 130, 150 and 170 o C, average residual water was calculated at 7.47%, 3.97%, 2.63% and 2.02%, respectively. Such a tendency, also figured out in the previous study , arises from temperature dependence on equilibrium moisture content achieved when drying is complete.
Assuming the lignite sample was a perfect sphere prior to drying, its density was evaluated on the basis of initial weight, giving average values of 1214 and 1205 kg m -3 for 30 mm and the entire range of diameters, respectively. In comparison, the mass and volume of 54 random lignite pieces weighing from 20 to 100 g were measured resulting in a mean density equal to 1193 kg m -3 . Figure 9 represents the correlation between density and initial water percentage for every tested object, including those not presented in the drying behavior analysis. Note that samples of the largest size manifest the smallest deviation from the mean value. That fact is relevant considering the non-uniform nature of lignite. The impact of impurity on the general structure of randomly picked particles is enhanced with a decline in their size. Thus, the importance of investigating larger objects, as more representative for the specific coal seam, is justified. Fig. 7 Estimated drying rate in the CDRP, including results from . Fig. 8 Estimated time of superheated steam drying, results from the previous study included.
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Sample observation during superheated steam drying
Every experimental attempt was recorded with a video camera in order to evaluate the sample behavior during the drying process: Fig. 10 evaluates quantitatively shrinkage of the coal, while Fig. 11 depicts its structural changes caused by drying. In Fig. 11 the appearance of the sample surface was presented for an exemplary test conducted at 150 o C along with the results of a similar examination performed in the previous study for 5 and 10 mm objects . For lower test temperatures, particularly 110 o C, the cracking phenomenon exhibited a rather local character and gaps created were likely to collapse during the final stage of drying, so the sample retained its spherical shape. In contrast, extensive cracks leading to permanent deformation occurred at attempts of 150 and 170 o C, as a result of a steep temperature gradient between the surface and the interior (see Fig. 4 ) causing fast dewatering.
The 30 mm diameter samples, demonstrated a tendency to crack sooner and with more significant influence on the surface appearance than those of smaller sizes, as shown in Fig. 11 . Bulk pieces of organic matter and contaminations, typical for low rank coals, are more likely to occur in particles of larger volume. Those insertions increase any disorder of the structure under thermal and mechanical stresses caused by high temperature and water transport phenomena.
The occurrence of cracks usually began when the moisture content was decreased to around 0.8, however the most remarkable changes were observed from around 0.6. Capillary water removal, usually initializing around this value, induces substantial shrinkage accompanied by major mechanical stress, what subsequently leads to a decrease in lump strength and cracks (Allardice et al., 2004) . The correlation between the structural changes and heat transfer mechanism of lignite drying process has not been quantified yet, prompting further studies to be undertaken to reveal it. Fig. 9 Correlation between density and initial water. Fig. 10 Average sample shrinkage during drying, result of Fig. 11 Appearance of the sample throughout the drying process in 150 o C for A) 30 mm, B) 10 mm and C) 5 mm.
10 previous work combined.
The processing of video data allowed for calculation of percentage differences between the object volume before and after the test. The average values for 110, 130, 150 and 170 o C were 39%, 37%, 37% and 28%, respectively. As Fig. 10 shows, the volumetric shrinkage rose with a decline in moisture content. According to the observation, the gaps which emerged in the early DDRP, collapsed in the late stage, enhancing the rate of sample shrinkage. The results are similar to those achieved in previous examination of smaller samples, with the exception of the 170 o C measurement. Sudden dewatering might boost the above-mentioned stress. The latter resulted in rapid, irreversible and asymmetric transformations of the sample which precluded gaps from closing uniformly and limited evaluated shrinkage.
Conclusions
The characteristics of the superheated steam drying process under atmospheric pressure in temperatures between 110 and 170 o C were investigated for 30 mm lignite samples from the Belchatow deposit in Poland. Simultaneous and continuous measurements of the sample weight and temperature profile were taken in order to comprehensively describe the behavior of lignite in superheated steam conditions. The results were presented as time dependencies of the moisture content, the drying rate, and the surface and interior temperature. They were used to verify the numerical model of drying. The coherence of general kinetics between simulation and experiment was achieved, though the improvement of the model is still desirable with regard to the process parameters.
The results obtained were related to the outcome of the previous study on objects of 5 and 10 mm in diameter. The temperature dependent pattern for the drying rate value. The drying kinetics in the DDRP were characterized with cracking and shrinkage phenomena. The former was observed using video recording and found to have had a greater influence on the 30 mm sample's integrity than in the cases of 5 and 10 mm. Meanwhile, the latter, inherently related with cracking, was quantitatively described in the correlation with decreasing moisture content. Both shrinkage and cracking impact on the heat transfer area, which contributes to the thermodynamic complexity of the decreasing drying rate period and brings about the necessity for further studies on this aspect of superheated steam drying. The research on the wide range of coal size is a key aspect in terms of designing an efficient industrial drying system which improves the thermal efficiency of lignite-fired power plant by means of latent heat recovery. The present study indicates the differences in structure, properties and drying behavior of samples ranging in diameter. Since optimization of the input coal size is a major challenge in designing the dryer, those variations require detailed analysis.
